The serum Zn content in rats bearing Yoshida-Sarcoma, AH 66F, AH 13 or AH 109A was found to be low as compared with that in normal controls.
In the rats which had received intraperitoneal inoculum of Yoshida-Sarcoma, the effects of anticancer drugs were closely related to the changes in serum Zn content.
Namely, serum Zn content increased and approached the normal range almost in parallel with the prolongation of survival time by anticancer drugs.
As the causes responsible for the reduction in quantity of serum Zn in the tumor-bearing rats, the reduction of serum albumin content and the accumulation of Zn in the tumor tissue and organs such as the liver and kidneys were suggested. serum Zn content; Zn content of the organs; influence of anticancer drugs on serum Zn
Zn is known to be essential for the function of Zn metalloenzymes. A role of Zn in polymeric organization of DNA and RNA molecules has been postulated also (Mills et al. 1969 ; Prasad et al. 1971) . Zn stimulates the growth of cells through its effect exerted primarily on RNA synthesis (Wegner and Romano 1963) . The DNA synthesis for the regeneration of the rat liver after hepatectomy is markedly or completely inhibited by EDTA.
However, Zn alone among many cations reverses the inhibition of DNA synthesis caused by the chelating agents (Fujioka and Lieberman 1964) .
It has been observed that experimental Zn deficiency led rapidly to the retarda tion of the growth rate of carcases, and also to the inhibition specifically of the growth of tumors McQuitty et al. 1970; Dewys and Pories 1972) . These findings may suggest that Zn is essential for the normal proliferative processes of the animal cells, and also for the growth of the tumor cells. Saito et al. 1974 ). The present study was designed to investigate the factors which determine the serum Zn content, and the relationship between the effects of anticancer drugs and the changes in serum Zn content of the rats bearing tumor.
MATERIALS AND METHODS
Animals. Male Donryu rats weighing 100 to 500 g were used in this study. They were maintained throughout the course of experiment on a solid diet (MF, Oriental Yeast Ind. Co., Tokyo). Tap water was given ad libitum.
Tumor source and the route of inoculation.
Ascites hepatoma 13 cells (AH 13), ascites hepatoma 66F cells (AH 66F), ascites hepatoma 109A cells (AH 109A) and YoshidaSarcoma cells (YS), (kindly supplied by Professor Sato, Director of the Cancer Research Laboratory of this Institute) had been maintained in the rats by serial intraperitoneal transplantations, and were used in this study. The above tumor cells (2 x 106) were suspended in 0.2 ml of sterile physiologic saline and were inoculated into the recipient rats by intraperitoneal or subcutaneous route. The animals were divided into the groups of 5 rats in each experiment.
Ten untreated rats served as controls. Period of starvation. Ten normal rats weighing 150 to 179 g were used for this experiment.
Five rats were housed in one cage and were maintained on a solid diet for 5 days. Then, the rats were kept unfed for 5 days, only tap water being given freely. Then, they were sacrificed for the measurement of serum Zn content.
Exsanguination.
In the groups of the rats bearing tumor, blood was withdrawn daily from the abdominal artery with a disposable syringe under anesthesia with pentobarbital sodium starting from 24 hr after inoculation. The rats bearing YS and treated with various anticancer drugs were bled at 2-day intervals from the 2nd day after administra tion of the drugs as described above.
The control and unfed rats were also bled to death in a similar manner.
Determination of serum Zn content. In order to measure the Zn content in serum , the serum was diluted with deionized water by a factor of 5, then the Zn content was measured with an atomic absorption spectro-photometer (Type 207 , Hitachi Ind. Co., Tokyo).
All the glasswares employed for the estimation of Zn content were first soaked in a cleansing solution consisting of sulphuric acid and potassium dichromate and then in a 20% solution of nitric acid for 24 hr respectively, subsequently they were washed with several changes of deionized water.
Determination of tissue Zn content. The normal tissues of the normal or tumorbearing rats and the tumor tissues were completely dried in a desiccator . Then about I g of each tissue was boiled gently for 30 min with 25 ml of a 60% nitric acid in Kjeldahl's incinerating flasks. After cooling, 15 ml of a 60% solution of perchloric acid was added and the resulting mixture was heated until the digest became transparent . The samples after Serum Zn in Tunior-Bearing Rats 113 dilution were used for the determination of Zn content by the methods as described .
Serum protein analysis. Total serum protein content was measured by a hand protein refractometer (Hitachi Ind. Co., Tokyo).
For the fractionation of serum protein, all the sera were electrophoresed for 60-70 min on a cellulose acetate membrane in a barbital barbituric acid buffer at pH 8.6 at a constant current of 0.8 mA/cm. The serum samples (0.004 ml/1.5 cm) were applied on the midline of a 2.4 cm-wide oxoid strip (Oxoid, Ltd., London) with a micropipette.
After electrophoretic separation, the strip was stained with Ponceau 3R Extra Pure (Tokushu Chemical Co., Ltd., Tokyo). The air-dried strips were made permeable to light with decahydronaphthalene and then were scanned with a YamatoAsuka model UV 51 densitometer (Yamato-Asuka Ind. Co., Ltd., Tokyo) equipped with interference filters at 500 nm (motor speed 20 mm/min, slit 0.2 x 4 mm).
RESULTS
Serum Zn content of control rats. The mean serum Zn content of 40 normal male rats was 1.057 ppm with a standard deviation of 0.150. As shown in Fig. 1 , there was no correlation between the serum Zn content and body weight. Serum Zn and serum protein contents in the rats which were kept unfed. The Zn content, total protein content and the protein fraction in serum of 5 normal rats which were starved for 5 days with exception of tap water are listed in Table 1 . The serum Zn and total protein contents were within the normal range, when determined 5 days after the animals had been starved. The effect of starvation on serum protein fractions was not found either.
Effect of tumor inoculation on serum Zn content. The fluctuation of serum Zn content during the course of tumor growth in 4 groups of rats bearing different types of tumor are shown in Fig. 2 . There was a tendency for serum Zn content to show similar changes during tumor growth among the above 4 groups. In the early stage, on the 2nd to 3rd day after inoculation, the serum Zn content increased slightly. Thereafter, they began to decrease gradually and were reduced remarkably Influence of f anticancer drugs on serum Zn content in the rats bearing tumor. The anticancer drug in a single dose was injected intraperitoneally to the rats bearing YS on the 3rd day after inoculation as described in the section of Materials and Methods. The serum Zn content was measured every other day after administra-(continued) tion of the drugs (Fig. 3) . In the groups which showed a marked response to treatment, such as those treated with CPM or Z-4942 , the serum Zn content returned to the normal range on the 2nd day after the initiation of drug administration . Also, in the groups of moderate response to treatment , such as those which had received a single dose of MMC, MTX or ADM, there was a tendency for serum Zn content to become normal. But in the groups which showed no response to treatment, namely in those treated with 5-FU, FT-207 , 6-MP or Act-D, the serum Zn content was always below normal.
In the group given Ps alone , the survival period of rats was somewhat shorter than that of the untreated controls, and the serum Zn content was below the normal range as early as the 2nd day after drug administration.
The serum Zn content of the normal controls was almost unaffected by the drugs. The fluctuation of albumin paralleled closely with that of the serum Zn throughout the period of observation. Namely, the albumin increased slightly in the early stage after inoculation. Thereafter, it began to decrease gradually. The decrease was striking in the terminal stage. However, the serum Zn/albumin ratio and the serum Zn/total protein ratio, as shown in Fig. 7 , continued to fall gradually during the course of experiment.
The content of a-globulin became markedly elevated by the 4th day after inoculation, whereas that of y-globulin decreased slightly and that of #-globulin remained at a relatively constant level. Fig. 7 . Serum Zn/albumin ratio (Zn/Al) and serum Zn/total protein ratio (Zn/tp) in YSbearing rats (intraperitoneal).
DISCUSSION
The present investigation on factors which may affect serum Zn content in normal rats showed no significant differences in serum Zn content in relation to the length of the period of starvation or body weight.
In the rats bearing tumors, the serum Zn content increased slightly at an early stage after tumor inoculation, and then it showed a marked decrease throughout the period of the observation.
The above results indicated that the changes in serum Zn content of the rats bearing tumors were closely related to the rate of tumor growth, and that such changes were not the direct consequences of the impaired food intake caused by the tumor.
The underlying mechanism of the reduction of serum Zn content in the rats bearing tumors remains to be solved yet. The Zn in blood serum is found in at least two fractions. Usually the firmly bound Zn amounts to about 34%, and the loosely bound Zn amounts to 66% of the total Zn content (Vallee 1959) . The firmly bound Zn protein (a-globulin) belongs to a metallo-protein and the loosely bound Zn protein (albumin) to a metal-protein-complex (Dennes et al. 1962; Giroux 1975) . The metal-protein-complex appears to be concerned primarily with Zn transport. Therefore, a reduction of serum albumin may result in a decrease in serum Zn content.
The present data showed that both serum Zn and albumin contents were reduced during the period of tumor growth, but that the degree of the reduction of serum Zn content was more marked than that of a decrease in serum albumin content. It was thus suggested that a mechanism other than the decrease in serum albumin content should be taken into consideration to account for the reduction of serum Zn content.
There is the evidence that the decrease in serum Zn content of the rats bearing tumors may be induced by an accumulation of Zn in tumor tissues. Many investigators have reported that the tumor tissue contains a large amount of Zn compared with the normal tissues (Tokuoka 1957 (Dennes et al. 1962 ). Our present data from the YS-tissue that had been inoculated subcutaneously into rats confirmed also a high Zn content in tumor tissues. Presumably the Zn in tumor is derived from serum Zn. However, the source of Zn in tumor tissue could not be discussed without the investigation of the routes of absorption and excretion.
It is also conceivable that an accumulation of Zn in various organs (particularly in the liver) may decrease serum Zn content in the hosts bearing tumors. As regards this possibility, the present data showed that Zn content of the liver in the rats bearing tumors was higher than that of the liver in controls. The reason for this is not clear from the results of the present experiment. But it is of interest that the Zn content in the liver was high around the metastatic lesions (Olson et al. 1954) , and that an increase of Zn content in the liver was found as early as the 3rd day after tumor inoculation and already before the apparent reduction in quantity of Zn in serum.
Some investigators have shown that anemia is closely related to the reduction of serum Zn content (Prasad et al. 1963; Saegusa 1966; Takano 1969 ). But no correlation was found between them in our previous publication (Saito et al. 1974 ).
In the rats bearing YS treated with anticancer drugs, there was a tendency for reduced serum Zn content to become normal almost in proportion to the degree of prolongation of their survival. It was suggested from the results mentioned above that the fluctuation of serum Zn content in the hosts bearing tumors during treat ment with anticancer drugs can be used as an indicator of the extent of tumor proliferation in the hosts and of the effects of cancer chemotherapy.
